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DEFORMABLE-MIRROR HOLDER 



This invention relates to a defomnable-min'or holder for holding a mirror in 
a desired position, to within accepted tolerances, even whilst the mirror is 
defomiing or in a deformed state. In particular, this invention relates to a holder 
for a bimorph mirror. 

Defomriable mirrors are often used in the field of adaptive optics. For 
example, phase distortions in a signal may be sensed by a wavefront sensor 
and these distortions may be corrected for by an adaptive mirror. Such 
adaptive mirrors may be employed in numerous fields, including: 

• imaging, for example adaptive mirrors are used in astronomy to improve the 
resolution of earth-based telescopes that are othenwise affected by 
atmospheric distortions; 

• laser sensing, where the amount of laser light that can be delivered onto a 
target is significantly increased by using an adaptive mirror to correct for 
atmospheric distortions - this enables either better information to be 
obtained or objects to be identified at a greater range; and 

• laser generation, where an adaptive mirror can be used intracavity within a 
high power laser to counter the thennal blooming that can be othenvise 
induced by the high concentration of laser light inside the cavity. 

Bimorph deformable mirrors have been proposed as low cost adaptive 
mirrors. The two main operational parameters of a bimorph mirror are its 
bandwidth and its stroke. Bandwidth determines how quickly the mirror can be 
deformed and hence, for example, how quickly the min"or can respond to the 
variations in atmospheric turbulence. Stroke corresponds to the maximum 
displacement of the mirror when deformed and this detemriines, for example, 
the level of turbulence that can be corrected. Ideally, both bandwidth and 
stroke would be maximised. However, conventional designs mean that there is 
a reciprocal relationship between these two parameters, and one parameter can 
only be improved at the expense of the other. Therefore, to date, designers 
have always looked for ways to improve either the resonant frequency or the 
stroke independently from each other. 
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Conventionally, deformable mirrors are supported rigidly around their 
edge, for example an annular ring overlapping the periphery of the mirror is 
used to hold the mirror fimily in position. Such an arrangement benefits from 
being simple yet rugged. However, it has an inherent disadvantage in that it 

5 creates a dead space around the mirror's edge. This corresponds both to the 
area of the mirror held firmly under the annular ring and also to the adjacent 
area. This is because the useable area of the deformable mirror (the active 
area) must bend to adopt a desired profile, for example either a concave or a 
convex shape. The annular area between the active area and the annular ring 

10 must bend in the opposite sense and so forms an area of inflexion that has 
undesirable optical properties. Hence the active area occupies only 9 central 
portion of the whole mirror. This is illustrated in Figures 1 to 3, albeit with the 
deformation of ttie mirror exaggerated for the sake of clarity. 

One way of alleviating this problem is to clamp the mirror at only three 
15 positions, such that the mirror edge can twist. However, this arrangement is to 
the detriment of ruggedness and the twisting introduces unwanted distortions 
leading to an optically inferior performance. 

Against this background, the present invention resides in a deformable- 

mirror holder comprising a^ Wdy'^ wilh ']r~ce^n 

20 defomfiable mirror, the central aperture being defined by a plurality of flexible 
beams, with each flexible beam having an end shaped to provide a supporting 
surface and a flexible portion that connects the beam's end to the holder's body. 
The supporting surface is provided for supporting a peripheral edge of the 
mirror. 

25 Accordingly, we have devised a deformable-mirror holder that simply 

supports the mirror unifomily around the edge and where the beams deflect 
with the mirror as it deforms, thereby allowing the deformable mirror to move 
like a simply-supported diaphragm. In this way, the holder maintains the 
resonant frequency of the mirror without sacrificing stroke. Advantageously, the 

30 deformable mirror is supported such that the ratio of the total diameter to active 
diameter is minimised. In addition, the above holder allows the mirror to be as 
small as possible. 
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Preferably, the beams' ends lie in the plane of the mount's body such 
that, in use, the miaor is positioned within the mount's body. This simple 
an'angement ensures that the holder's body affords the mirror an element of 
protection. Alternatively, the beam's ends may lie outside of the plane of the 
5 body such that the mirror is held clear of the holder's body. 

Optionally, at least one beam is generally L-shaped such that one leg of 
the L-shape provides the flexible portion and the other leg of the L-shape 
provides the supporting surface of the beam's end. In a currently preferred 
embodiment, the internal corner of the L-shaped beam has a shoulder that 
10 extends part of the way along both legs of the L-shape. This adds rigidity to the 
part of the beam that supports the mirror in use and a flexible neck is created 
that allows the supporting end to bend with the mirror. 

Preferably, the plurality of flexible beams are arranged around the entire 
aperture. Alternatively, a small number of beams may be provided around the 

15 aperture, for example three or four equispaced around the aperture . Where the 
beams are arranged around the entire aperture, the width of the beams may 
optionally be larger than the separation between beams. Preferably, the width 
of the beams is greater than four times the separation between beams. This 
arrangement means that the holder is flexible in the radial direction, but exhibits 

20 stiffness in all other directions. 

The present invention also extends to a deformable mirror and a 
deformable-mirror holder as described above. 

In order that the invention can be more readily understood, reference vyill 
now be made, by way of example only, to the accompanying drawings in which: 

25 Figure 1 is a plan vievy of a deformable mirror and a mount according to 

the prior art; 

Figure 2 is a cross-section through line 11-11 of Figure 1 showing the 
mirror in a relaxed state; 
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Figure 3 corresponds to Figure 2 but with the mirror in a state of 
exaggerated deformation thereby illustrating the problem of dead space and the 
relatively small active area; 

Figure 4 is a plan view of a deformable mirror and a mount according to 
5 a first embodiment the present invention; 

Figure 5 is a cross-section through line V-V of Figure 4 showing the 
mirror in a relaxed state; 

Figure 6 corresponds to Figure 2 but with the mlaor in a state of 
• defomnatlon; 

10 Figure 7 Js a detail from Figure 5; 

Figure 8 is a perspective view of part of the mount of Figure 5; 

Figure 9 corresponds to Figure 7 but for a second embodiment of the 
present invention; and 

Figure 10 corresponds to Figure 7 but for a third embodiment of the 
1 5 present invention. 

A deformable bimorph mirror 10 and its mount 12 according to the prior 
aft aTe shown in Figures i-to-3;^^ 

and is supported by the mount body 12. The mirror 10 is held firmly in position 
by an annular ring 14 that urges the mirror 10 against the mount body 12 via 

20 four screws 16. Figure 3 shows the mirror 10 in a deformed state such that, in 
this example, it adopts a convex profile for light approaching from above. 
Ideally, the desired convex profile should extend across all the mirror 10, such 
that all the mirror 10 is available for reflecting light in the desired manner. 
However, the peripheral edge 18 of the mirror 10 is held firmly between the 

25 annular ring 14 and the mount body 12 and so cannot bend. Moreover there is 
a region 20 of the mirror 10 that adopts an area of inflexion to bridge the 
peripheral edge 18 of the mirror 10 and the convex portion 22 at the centre of 
the mirror 10. It is of course this convex-shaped part 22 of the mirror 10 that 
forms the active (i.e. useable) part 22 of the mirror 10. This active part 22 of the 

30 mirror 10 is shown in Figure 3. 



A deformable bimorph mirror 50 and a mount 52 according to a first 
embodiment of tlie present invention are shown in Figures 4 to 8. The mount 
52 in this case is simpler when compared to the prior art in that the mount 52 is 
a unitary structure made from stainless steel. The mount 52 comprises a round 
body 54 that defines a central circular aperture 56. The aperture 56 is shaped 
and sized to receive the disc-shaped deformable bimorph mirror 50 therein. 
Hence, the minror 50 is held in a protected position within the mount 52. 

Whilst the outer edges of the mount's body 54 are regular, the internal 
edges 58 are stepped to fomn a series of three Interconnected and concentric 
circular apertures 56a-c that increase In size from top to bottom. The stepped 
inner profile 58 of the mount 52 produces a series of three shoulders 60a-c. 
Twenty generally L-shaped flexible beams 62 extend downwardly in cantilever 
fashion from the topmost 60a of these shoulders 60a-c. The twenty beams 62 
are of identical size and shape and are equispaced around the circular topmost 
shoulder 60a. The beams 62 are L-shaped such that they extend downwardly 
from the topmost shouldel- 60a before turning through 90° to extend inwardly 
towards the centre of the middle aperture 56b. Rather than having a pure L- 
shape, a square-shaped support shoulder 64 extends from the internal comer of 
each beam 62 as best seen in Figure 7. The support shoulder 64 only extends 
partially up the height of the upright portion 66 of the beam 62. thereby leaving 
a narrow neck 68 in the portion of the beam 62 that bridges the topmost 
shoulder 60a of the mount body 54 and the support shoulder 64 of the beam 62. 
It is this neck 68 that gives the beam 62 its flexibility, i.e. this neck 68 can be 
defomned to allow the beam 62 to deflect and bend. The length and thickness 
of the neck 68 of the beams 62 are chosen to achieve the desired flexing 
properties. Figure 8 shows four of the beams 62 in perspective and indicates 
the width W of the beams 62 relative to their separation. It is the relative width 
of the beams 62 that gives the required degree of stiffness in the plane of the 
mirror 1 0. 

The Inwardly-extending portion 70 of the beam 62 extends beyond the 
support shoulder 64 to provide an upwardly-facing support surface 72 for 
receiving the mirror 50. The mount 52 and the beams 62 are sized such that 
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the mirror 10 may be received within the beams 62 to be supported from below 
by the support surfaces 72 and so that the mirror's edge 74 fits snugly against 
the upright face 76 of the support shoulders 64. Hence, the mirror 50 is held 
firmly in place. 

5 The mirror 50 Is best seen in Figure 5. The mirror 50 comprises a 

copper substrate 78 whose outer face provides a reflecting surface by virtue of 
a series of thin dielectric coatings provided on the outer surface (not shown). 
An active piezoelectric element 80 is bonded to the non-reflective side copper 
substrate 78 using epoxy resin 82, An array of forty-five electrodes 84 are used 

10 to activate the piezoelectric element 80. Applying a potential to the electrodes 
84 causes the piezoelectric element 80 to defomri so that, in turn, the copper 
substrate 78 deforms, as shown in Figure 6. This creates a convex-shaped 
mirror 50. 

As the mirror 50 defomis, it remains finnly held in place against the 
15 support surface 72 and support shoulder 64 because the beam 62 deflects with 
the mirror 10 by flexing about its neck 68, as shown In Figure 6. Moreover, the 
beams 72 offer minimal resistance to the mirror 50 as its peripheral edge 74 
rotates towards the mirror axis. This is because they have minimal stiffness 

radially and so require" little Torce^to"^^^^ radially towards4he miFr-or--centre..^ 1 

20 The mass and stiffness of the beams 62 are very small in comparison to that of 
the mirror 50 and therefore the beams 62 have minimal impact upon the mirror 
50 deformation. In addition, the relatively large width W of the beams 62 
provides stiffness in all directions in the plane of the mirror and torsionally about 
the mln-or axis. The short length of the beams 62 provides stiffness in the axial 
25 direction. 

Figure 6 shows that convex deformation of the mirror 50 extends to the 
very edge 74 of the mirror 50 and hence eliminates virtually all dead space from 
the mirror 50. Hence, the active area of the mirror 50 covers virtually the whole 
of the mirror 50. This is highly beneficial because a mirror mount 52 that 
30 prevents rotation of the mirror's peripheral edge 74 would need to be twice the 
diameter to obtain a similar convex active area and would have a first mode 
resonant frequency of half that of the simply supported mirror 50 of the present 



Invention. Thus, the present Invention allows for a min-or 50 of much smaller 
size to be used to obtain the same stroke/bandwidth product 

The person skilled in the art will appreciate that modifications can be 
made to the embodiments described hereinabove without departing from the 
scope of the invention. 

Details of the mimjr 50 and how It is an^nged to defomi are given as 
useful background in which to set the context of the present invention, but are 
not essential to the Invention. Other mlnror configurations can be equally well 
accommodated by the present invention. 

Whilst the above embodiment uses L-shaped beams 62, strict 
compliance with this shape is not necessary. For example, the support 
shoulders 64 may be omitted and the peripheral edge of the min-or 74 may abut 
against the upright face of the beam 62. This an^ngement would lead to a 
longer neck 68 that could flex along its entire height. In addition, the beam 62 
could be J-shaped rather than being L-shaped. This may be advantageous 
where the mlnror 50 has rounded edges rather than square edges. In fact, the 
beam 62 may be shaped to confbmi to any profile the min-or 10 may have, e.g. 
to conform to chamfered edges. 

Furthermore, the beams 62 need not necessarily extend downwardly 
from the mount body 54 to house the min-or 50 within the mount body 54.. An 
alternative an^ngement is shown in Figure 9, that broadly corresponds to the 
view shown in Figure 7 and so like reference numerals have been used for like 
parts but with the addition of a prime. In this embodiment, the flexible neck 68' 
is L-shaped such that, in addition to the flexible upright portion 86' that allows 
deflection as the min-or 50 deforms, there Is a horizontal portion 88' that 
connects the upright portion 86' to the mount body 54. The horizontal portion 
88' of the beam 62' allows vertical movement of the edges of the min-or 50, as 
indicated by the arrows in Figure 9. This is beneficial because the mirror 50 
may be deformed to adopt shapes that require relative movement around the 
edge 74 of the min-or 50, e.g. to adopt radially-extending ridges and troughs 
thereby creating an undulating mirror edge 74. 
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A further alternative arrangement of the beams 62 is shown in Figure 10 
where beams 62" extend upwardly from the mount body 54" (like reference 
numerals are used for like parts, the double prime denoting the parts that 
belong to the embodiment of Figure 10). Most importantly they retain the 
5 flexible neck 68" that allows the beam 62" to bend with the mirror (not shown) 
as it adopts a convex shape. 

As will be appreciated by the skilled person, other arrangements of the 
beams -62 are possible. For example, the flexible beams 62 could extend 
inwardly to meet a supporting end of the beam 62. Essentially, any 
10 . arrangement could be used where the supporting end of the beam 62 is 
connected to the mount body 54 by a flexible neck 68 that allows the supporting 
end to bend as the mirror 10 deforms. 

Whilst the mount 52 of the above embodiments is made from stainless 
steel, many other materials such as other metals, plastics, glasses or ceramics 
15 could be used instead. 

The present invention is perfectly well suited for use in supporting both 
uncooled and cooled bimorph mirrors. For example, the bimorph mirror may be 
. . wgter7Cooled^^ order to dissipate heat absorbed from incident radiation. 



CLAIMS 



1. A deformable-mirror holder comprising a body with a central aperture for 
receiving a defonnable minror, the central aperture being defined by a 
plurality of flexible beams, with each flexible beam having an end shaped to 
provide a supporting surface and a flexible portion that connects the beam's 
end to the holder's body. 

2. A defomiable-min-or holder according to claim 1, wherein the beams' ends 
lie in the plane of the holder's body such that, in use, the minor is received 
within the holder's body. 

3. A deformable-mirror holder according to claim 1 or claim 2, wherein at least 
one beam is generally L-shaped such that one leg of the L-shape provides 
the flexible portion and the other leg of the L-shape provides the supporting 
surface of the beam's end. 

4. A deformable-mirror holder according to claim 3. wherein the internal comer 
of the L-shaped beam has a shoulder that extends part of the way along 
both legs of the L-shape. 

5. A deformable-mirror holder according to any preceding claim, wherein the 
plurality of flexible beams are arranged around the entire aperture. 

6. A defonnable-mirror holder according to claim 5, wherein the width of the 
beams is larger than the separation between beams. 

7. A deformablennirror holder according to claim 6, wherein the width of the 
beams is greater than four times the separation between beams. 
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8. A deformabJe mirror and a defonnable-mirror holder according to any 
preceding claim. 

5 9 A defonnable mirror and a defomiable-mirror holder according to claim 3. 
wherein the peripheral edge of the mirror is supported from below by one leg 
of the L-shaped beam and is supported from the side by the other leg of the 
L-shaped beam. 

10 10 A defomiable mirror and a defomiable-mirror holder according to claim 4. 
wherein the peripheral edge of the mirror is supported from below by one leg 
of the L-shaped beam and is supported from the side by an inwardly-facng 

I 

side of the shoulder. 

15 11.A defomiable-min:or holder as substantially described hereinbefore with 
reference to any of Figures 3 to 9 of the accompanying drawings. 

12 A defomiable mirror and a defomiable-mirror holder as substantially 
described hereinbefore with reference to any of Figures 3 to 9 of the 
20 ' accompanying drawings. 
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ABSTRACT 
DEFORMABLE-MIRROR HOLDER 



This invention relates to a defomriable-minror holder for holding a mirror in 
5 a desired position, to within accepted tolerances, even whilst the min-or is 
deforming or in a deformed state. In particular, this invention relates to a holder 
for a bimorph mirror. A defontiable-mirror holder Is provided comprising a body 
with a central aperture for receiving a defomiable min-or, the central aperture 
being defined by a plurality of flexible beams, with each flexible beam having an 
10 end shaped to provide a supporting surface and a flexible portion that connects 
the beam's end to the holder's body. 
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